Résumé. 2014 Nous étudions l'équilibre thermodynamique et la cinétique de 2014 We present a theoretical study of the thermodynamics and of the kinetics of grafting end-functionalized polymers to an interface. The equilibrium surface coverage and thickness of the grafted layer are predicted as a function of molecular parameters such as the molecular weight of the chains, the solution concentration and the energy gained by adsorbing the terminal group. We show that there are two successive regimes in the kinetics of adsorption. The first one (short time) is governed by the Brownian diffusion of the chains in the solution, the second regime (long time) by the activation barrier, which appears as soon as the adsorbed chains begin to overlap strongly and to stretch. The characteristic construction time depends exponentially on the chemical affinity of the end group and on the surface. The desorption time of a brush put in contact with the pure solvent is also calculated. The desorption time is always longer than the construction time.
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J. Phys. France 51 (1990) [1] . The relevant parameter is the surface density of grafted chains (T. A simple and versatile method for anchoring polymers to a surface consists in adsorption of end-functionalized chains [2] or block copolymers [3, 4] . The [5, 6] indicate that, in a moderately dense layer, grafted chains are stretched. More precise self-consistent-field methods [7, 8] show that the stretching of chains is not uniform and that, in the presence of the solvent, the polymer concentration decays parabolically from the surface [8] . Molecular dynamics [9] and Monte Carlo simulations [10] essentially confirm this picture.
The self-consistent mean-field theory of Milner et al. [8] figure 1 we show schematically the concentration profile of a grafted polymer layer in contact with a solution. In general, we expect some penetration of free chains [6, 14] into the brush and a depletion layer [6, 13] near the brush surface. We focuse on the case when both effects are weak which occurs when (cf. Appendix) :
where 00 denotes the monomer volume fraction in the reservoir and h is the thickness of the brush defined by 0 a(h) = 0. In this limit, the constant A (o-) in equation (1) is simply given by the condition l/J r( h) = 00. Hence It is important to stress that even in this limiting case, the surface coverage depends on the reservoir concentration c/J 0, especially at low c/J 0, and the brush thickness is not proportional to the molecular weight of chains but varies more slowly. These are general features of the adsorption process.
In practice, in order to predict a, one needs to solve numerically equations (10) and (4). Figure 2 illustrates the dependence of surface coverage a on the solution concentration rb o for a typical set of molecular parameters (which actually may correspond to polymers used by Tauton et al. [2] ). The strong dependence of u on concentration at low concentration regime implies also a rapid variation of brush thickness with concentration ( Fig. 3) . At higher concentrations, a plateau regime for which h is almost constant is attained. This corresponds to the solution dominated regime for which a = 1 and h = (N u / cf&#x3E; 0) a. Since in this regime u '" cf&#x3E; 0, we get h = const. The crossover between the brush and solution dominated regimes depends on the molecular weight of chains and the value of 4. The role of the energy gain 4 is clearly illustrated in figure 4 where we plotted the dependence of the brush height on rbo for different values of à. As Li is increased, the stronger is the tendency to adsorb, the higher is the surface coverage a and thus the thickness of the brush.
In conclusion, we expect that at equilibrium the surface coverage cr depends on the concentration of polymer solution qb 0. This leads to a nonlinear dependence of the brush height h on the polymerization index N (Fig. 5) . From plots Log h versus Log N, the non linear dependence of brush height h in N may be approximated by a power law : h -N 0.6 for reasonable values of .00. For high concentrations .00 we expect the brush to be relatively dense so that entropic terms In (cP 0/ u) can be neglected in equation (10) . Then, one gets from (2) and (11) h -N1/2 [15] . Numerical calculations confirm this result, but for high 0 0 for which, unfortunately, the model is no longer valid as the penetration of free chains to the brush cannot be neglected. In this section, we study the adsorption kinetics for the brush dominated regime when the concentration in the brush at equilibrium is much higher than in the solution. We consider the solution below the critical micelle concentration (c.m.c.). We also assume that a functionalized chain end in contact with the interface is adsorbed very rapidly. Then, the kinetics of grafting is controlled by the diffusion in the solution and penetration of chains through the brush protecting the wall.
It is important to realize4hat the time T We define a cross-over surface coverage o-' by the requirement :
It will be shown later that the kinetics of grafting is controled by the Brownian diffusion in the solution for a « a * and by the activation barrier for a &#x3E; a-'. For a * « a « 0-' we are in the intermediate regime.
We consider the penetration of a chain into the brush with the surface coverage 0-(t) 0-,,q and the thickness h(t) (Eq. (11)). The chain penetration can be characterized by the position of the end-functionalized group x (Fig. 6 ). Only this part of the chain is stretched and the potential energy of the chain (the barrier height at point h(t) -x) is where Note that the penetration by one end is energetically favored. Equation (6) yields . When x = h (t) -a, the chain is rapidly adsorbed and it gains the energy Li (Fig. 6) .
The kinetics of adsorption in this regime is governed by conservation equation :
where Jn and Jout are the flux from solution to the interface and from the interface to the solution respectively. The flux Jn obeys a generalized diffusion equation
As the chain penetrates the brush, its diffusion coefficient changes, so D (x) denotes the diffusion coefficient of the end of the chain at point x in the brush. It is reasonable to assume that the diffusion in the solution and the penetration in the brush are decorrelated when the diffusion time T is much smaller than the characteristic time of brush construction with an activation barrier Tc. In such a case, the flux Jn (x) practically does not depend on x The integration of (18a) gives with a boundary condition 0 (x = h -a) = 0 After linearization of U(x) near its maximum U(h -a ), we integrate the denominator of the right-hand side of equation (19) [17] . Thus the relevant diffusion coefficient D is that of a chain in a tube. By analogy with semi-dilute solutions g = e'(.O (O)la') is the number of monomers per blob, and 1£ 0 = (1/6 'TT 170 N) is the blob mobility, with 170 denoting the solvent viscosity. Hence, we get
The flux from the interface to the solution reads Jout = 11 0 a -2 u e -a, where vo denotes a microscopic frequency. The conservation equation (17) To get some qualitative insight into the construction dynamics, we can distinguish two regims. In the first « quasi-logarithmic » regime, the retrodiffusion is very weak, so that Jout can be neglected in equation (22) . Under such conditions, the integration of equation (22) yields :
In this regime the time dependence oé a is essentially logarithmic.
Using equation (23) We have also calculated the destruction or « washing » time of the brush in contact with a pure solvent. This time turns out to be always longer than the construction time, and the brush formation should be irreversible in most practical cases.
The eventual existence of micelles above the critical micelle concentration should limit the equilibrium coverage density and reduce the construction time, because the micelles form a reservoir of chains for the adsorption. Hence, the construction time should not excess the one we predict in equation (24) Near the extremity of the layer, (A.6) is linearized with z = h -u.
where d characterizes some penetration length of free chains in the brush (Fig. 1) .
In the brush dominated regime (a « 1), two cases may be discussed. In the solution dominated regime, we must take into account the penetration of the free chains into the layer, and the concentration profile of attached chains is not parabolic. This regime corresponds to a concentrated solution.
